We present a model based on the gauge group SU(2) L ×SU(2) R ×SU(4) C with gauge couplings that are found to be unified at a scale M G near the string unification scale. The model breaks to the minimal supersymmetric standard model at a scale M I ∼ 10 12 GeV, which is instrumental in producing a neutrino in a mass range that can serve as hot dark matter and this scale can also solve the strong CP problem via the Peccei-Quinn (PQ) mechanism with an invisible harmless axion. We show how this model can accommodate low and high values of tan β and "exotic" representations that often occur in string derived models. We show that this model has lepton flavor violation which can lead to processes which are one or two orders of magnitude below the current experimental limits.
can easily get a neutrino mass in the interesting range of of about 3-10 eV, making it a candidate for the hot dark matter [9] , and (2) if the strong CP problem is solved via the Peccei-Quinn (PQ) mechanism, this PQ symmetry is required to be broken approximately within the above window so that the axion has properties which are consistent with the lack of observation up to now and the cosmological constraints [10] . As for the scale at which the hypothetical PQ-symmetry is broken, perhaps the most elegant possibility is if it is tied in with the breaking of an intermediate gauge symmetry, so that there is only one scale between the weak and string scale to be explained. To obtain the τ -neutrino mass in the interesting eV range without an intermediate gauge symmetry breaking scale one has to use a method that either involves a carefully chosen Yukawa coupling to an SU(2) R triplet, which only arises for particular non-standard Kac-Moody levels, or nonrenormalizable operators with SU(2) R doublets [11] . Unlike in the case of an intermediate scale, both these methods require abandoning the attractice b − τ unification hypothesis except in the case of the SU(2) R doublets and high tan β ∼ m t /m b which requires greater tuning of the Higgs potential parameters and may also require M G scale D-terms.
How the one loop MSSM beta functions have to be changed at an intermediate scale to increase the scale of gauge unification has been studied in a recent paper [12] . It is found that there exist only a few acceptable solutions with a single cleanly defined intermediate scale far below the unification scale. In fact if we demand an intermediate scale as mentioned in the above paragraph, the necessary relative changes in the beta functions of the MSSM are given as follows:
where the hypercharge has been normalized in the standard GUT manner and
In this paper the additional field content we choose at the scale M I is as follows: the additional vector representation fields necessary to complete the SU(2) L ×SU(2) R ×SU(4) C symmetry, 2 copies of the chiral fields H = (1, 2, 4) ≡ (ū Note that to avoid rapid proton decay, we also need to impose a symmetry on the superpotential (for example PQ symmetry as discussed later) that forbids terms of the type F F D andFF D unless the couplings are extremely small.
The existence of the field D and S are crucial to make all the Higgs modes massive. As a matter of fact, in a previous paper Ref. [6] (2), the constraints on the additional field content is given by :
where n D is the number of copies of fields transforming as (1, 1, 6) , n Φ is the number of fields transforming as (2, 2, 1), n 4 is the number of copies of (1, 1, 4) + (1, 1,4), and n 2 is the number of copies of (2, 1, 1) + (1, 2, 1), which are all to be given mass of order M I . Of course, Eq. (2) gives no constraint on n S , the number of copies of singlet (1, 1, 1) fields. It may be of interest to note that, for example, the first string derived version of the model found in Ref. [4] has n D = 4, n 4 = 1, n Φ = 4, n 2 = 10, along with the necessary 2 copies of H +H (N H = 2) at the string scale and 3 generations of F +F (N F = 3), as well
acquire VEVs near the string scale which can break additional U(1) symmetries and may make some fields super heavy.
We now discuss how a low tan β scenario may be implimented in the model. is the primary motivation for this model.) This can be accomplished through a modification of a method that has been used in conventional SO(10) GUTs. [14] . Consider adding to the model a pair of fields H L andH L transforming as (2, 1, 4) and (2, 1,4), respectively, and also increasing the number of H,H pairs to be N H = 3 so that Eqn. (2) is still satisfied.
For simplicity, we discuss the general case and will not refer to specific choices of any PQ charges for the additional field content of this paragraph. If explicit mass terms for these fields are originally forbidden, they can be generated at the intermediate scale to be of order M I through terms such as λ H L H LHL S i where S i gets a VEV at the scale M I in the manner as previously discussed. In the limit of neglecting weak scale masses, the existence of the superpotential terms
and a symmetry (for example, the superpotential can be assumed to be invariant under the transformation:
forbidding the terms λ 1HL Hφ 1 + λ 2 H LH φ 2 would lead to the following form for the mass matrix for the SU(2) L doublets:
written in a basis where the rows stand for (H L φu , φ 1u , φ 2u ) and the columns for (H L φ d , φ 1d , φ 2d ) in obvious notation and all VEVs are of order M I . This matrix naturally will have two large eigenvalues of order M I , and has one massless eigenvalue which is composed of φ 1d = φ d and φ 2u = φ u and serves as the MSSM Higgs. Note that had D-parity not been broken in the model, we would not have had to have added any additional field content.
The gauge couplings in this model have the following one-loop beta functions:
and the following two-loop beta functions: always, and we have left out the contributions from exotic representations since they can be easily calculated and we will not use them in our examples here. In Table 1 , we show some 
where r is of order M I and S 0 has no VEV. It would then be the most natural case for the VEVs acquired by all four fields to be of similar order. This mechanism can easily be extended to link the breaking of a PQ-symmetry with the breaking of the intermediate gauge symmetry. For example, suppose a PQ-symmetry exists with F,F having a PQ charge of 1, bidoublet(s) Φ i which contain the MSSM Higgs doublets and has (have) PQ charge -2, that the fields H,H have no or opposite PQ charges, singlets S 0 , S 2 , S −2 exist with the subscript denoting the PQ charge, and that R-symmetry prevents M 2,−2 S 2 S −2 mass term from existing in the superpotential, then the following superpotential is possible:
where we have allowed a non-renormalizable term [15] so as to not need to fine-tune the µ parameter to a very large value or λ Φ ij to a tiny value. We observe that we can choose the PQ charge of D to be 0 for example so as to forbid terms like F F D andFF D that would cause the rapid proton decay.
We note that in the model we are discussing there are no SU(2) R triplet fields, therefore one must rely on an extended version of the seesaw mechanism [16] . This mechanism in this scenario is described by the following 3 × 3 mass matrix for ν a , N c a , and singlets S a with a = 1, 2, 3: Lastly, we consider a signal of the model. Recently, GUT scale physics have been shown to be significant sources of lepton flavor violation in SUSY grand unification with a universal SUSY soft breaking boundary condition appearing near the reduced Planck scale [17] [18] [19] .
However the parameter space where these signals could be observed is somewhat constrained by the experimental constarints of b → sγ [20] . More recently, it has also been shown that even if the universal boundary condition is taken at the GUT scale, that an intermediate gauge symmetry breaking can also be a significant source of lepton violation [22] . We now
show that the rate of µ → eγ can be within two orders of magnitude of experiment in the model discussed in this letter. For some parameter space, it can be above the experimental limit. In SU(2) L ×SU(2) R ×SU(4) C gauge symmetry, the quarks and leptons are unified.
Hence, the τ -neutrino Yukawa coupling is the same as the top Yukawa coupling. Through the RGE's, the effect of the large τ -neutrino Yukawa coupling is to make the third generation sleptons lighter than the first two generations, thus mitigating the GIM cancellation in oneloop leptonic flavor changing processes which involve virtual sleptons.
The superpotential terms which will be responsible for giving the SM fermion masses have the following form :
where all group and generation indices have been suppressed. Φ 1 and Φ 2 are the two bidou- 
where g refers to generation and i refers to the gauge,
and we have used We run all the RGEs according to the MSSM [21] down to the top scale. Details of µ → eγ with an intermediate symmetry are presented in Ref. [22] . As an example, we show the specific case of the universal gaugino masses and with minimal field content for low tan β = 2 in Fig. 1 . We have plotted the function
where B is the predicted µ → eγ branching ratio and B exp = 4.9·10 −11 being the experimental 90 % confidence limit upper bound on the branching ratio. With A 0 = 0, A i is always negative at the weak scale. Consequently we find that µ < 0 gives a greater branching ratio. shown for different values of α s (M z ) and effective SUSY scale M S in both the low and the high tan β models described in the text. 
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